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(57) It is intended to provide an image processing 
method, an image display unit, and a storage medium, 
capable of effecting an appropriate color reproduction 
even with a change in color of a projection plane. 

In an image display unit according to the present 
invention which applies a desired image processing to 
inputted image data and then displays the image, a re- 
flection characteristic for each color component of an 
output provided from the image display unit and reflect- 
ed by a predetermined projection plane and a reflection 
characteristic for each color component of the output 
from the image display unit and reflected by a reference 



projection plane are measured by a measuring means. 
Further, by a correction curve generating means there 
is generated a correction curve for correcting the input- 
ted image data so as to eliminate a difference between 
the measured reflection characteristic for each color 
component reflected by the predetermined projection 
plane and the reflection characteristic for each color 
component reflected by the reference projection plane. 
With the correction curve, an image processing is per- 
formed for the image data inputted to the image display 
unit, taking into account the characteristic of the projec- 
tion plane on which an output from the image display 
unit is projected. 
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Description 

Background for Invention 

5 1 . Field of Invention 

[0001] The present Invention relates to a correction curve generating method, an image display method, an image 
display unit, and a storage medium, capable of correcting the influence of an external environment on output image. 

10 2. Description of the related Art 

[0002] In case of using an image display unit such as a projector, it is important that an image intended by a producer 
be reproducible even if an externa! environment such as illumination in a room or a screen changes. As such a way 
of thinking of adjusting the visibility of image, there is known a way of thinking called color management in which input 

15 and output characteristics of a device are managed to reproduce color. But a concrete color management method 
taking changes of a working environment into account has not been made clear. Particularly, in a projection type image 
display unit such as a liquid crystal projector, if a projection plane such as a screen differs, the color of projected image 
changes according to the color of the projection plane, with consequent change in the visibility of projected image. 
Thus, as a change of environment it is necessary that the case where the color of a projection plane changes be taken 

20 into account, or else It would be difficult to make an appropriate color reproduction. For example, even in case of 
displaying the same white, the displayed white may look somewhat yellowish, depending on the type of a projection 
plane used. 

Summary of Invention 

25 

[0003] The present invention has been accomplished for solving the abovementioned problem and it is an object of 
the invention to provide a correction curve generating method, an image processing method, an image display unit, 
and a storage medium, capable of making an appropriate color reproduction even with a change in color of a projection 
plane. 

30 [0004] The present invention as described In claim 1 , is a method for generating a correction curve for correcting 
image data inputted to an image display unit, taking into account characteristics of a projection plane on which an 
output from the image display unit is projected, the method including: a measuring step of measuring a reflection 
characteristic for each color component of an output provided from the image display unit and reflected by a predeter- 
mined projection plane and a reflection characteristic for each color component of the output provided from the image 

35 display and reflected by a reference projection plane; and a correction curve generating step of generating a correction 
curve for correcting the inputted image data so as to eliminate a difference between the measured reflection charac- 
teristic for each color component reflected by the predetermined projection plane and a reflection characteristic for 
each color component reflected by a reference projection plane. 

[0005] According to the thus constructed method for generating a correction curve for correcting image data inputted 
40 to an image display unit, taking into account characteristics of a projection plane on which an output from the image 
display unit is projected, a reflection characteristic for each color component of an output provided from the image 
display unit and reflected by a predetermined projection plane and a reflection characteristic for each color component 
of the output provided from the image display and reflected by a reference projection plane are measured by a meas- 
uring step. Therefore, a correction curve for correcting the inputted image data so as to eliminate a difference between 
45 the measured reflection characteristic for each color component reflected by the predetermined projection plane and 
a reflection characteristic for each color component reflected by a reference projection plane are generated by a cor- 
rection curve generating step. 

[0006] The present invention as described in claim 2, is an image processing method for image data inputted to an 
image display unit, taking into account characteristics of a projection plane with an output from the image display unit 
so projected thereon, wherein the method corrects input image data by using a correction curve for eliminating a difference 
between a reflection characteristic for each color component of an output provided from the image display unit and 
reflected by a predetermined projection plane and a reflection characteristic for each color component of the output 
provided from the image display and reflected by a reference projection plane. 

[0007] The present invention as described in claim 3, is an image processing method according to claim 2, which 
55 uses a plurality of correction curves for a plurality of projection planes. 

[0008] The present invention as described in claim 4, is an image processing method according to claim 2 or claim 

3, wherein the amount of correction of input image data corrected by the correction curve(s) is adjustable. 

[0009] The present invention as described in claim 5, is an image processing method according to any one of claims 
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2 to 4, wherein the correction curve(s) is subjected to a rounding process in a high graduation region. 

[0010] The present invention as described in claim 6, is an image processing method according to claim 5, wherein 

the degree of the rounding process is adjustable. 

[0011] The present invention as described in claim 7, is an image processing method according to any one of claims 
5 3 to 6, including a selection step of selecting one correction curve from among the plural correction curves on the basis 
of a reflection characteristic for each color component reflected by a projection plane, and wherein an image processing 
is performed for input image data on the basis of the selected correction curve. 

[0012] According to the present invention as described in claim 8, an image processing method according to claim 
7, further includes a step of inputting the reflection characteristic for each color component reflected by the projection 
10 plane in the selection step. 

[0013] According to the present invention as described in claim 9, an image processing method according to claim 
7, further includes a step of measuring the reflection characteristic for each color component reflected by the projection 
plane in the selection step. 

[0014] The present invention as described in claim 1 0, is an image display unit for performing an image processing 

15 for an inputted image data, taking into account characteristics of a projection plane, wherein the image display unit 
corrects input image data by using a correction curve for eliminating a difference between a reflection characteristic 
for each color component of an output provided from the image display unit and reflected by a predetermined projection 
plane and a reflection characteristic for each color component of the output provided from the image display and 
reflected by a reference projection plane. 

20 [0015] The present invention as described in claim 11 , is an image display unit for performing an image processing 
for an inputted image data, taking into account characteristics of a projection plane, wherein the image display unit 
performs the image processing for the inputted data based on a correction curve, which is sequentially generated by 
sequentially repeating a method for generating the correction curve including: a measuring step of measuring a reflec- 
tion characteristic for each color component of an output provided from the image display unit and reflected by a 

25 predetermined projection plane and a reflection characteristic for each color component of the output provided from 
the image display and reflected by a reference projection plane; and a correction curve generating step of generating 
a correction curve for correcting the inputted image data so as to eliminate a difference between the measured reflection 
characteristic for each color component reflected by the predetermined projection plane and a reflection characteristic 
for each color component reflected by a reference projection plane. 

30 [001 6] The present invention as described in claim 1 2, is an image display unit according to claim 1 0, which uses a 
plurality of correction curves for a plurality of projection planes. 

[0017] The present invention as described in claim 13, is an image display unit for performing an image processing 
for an inputted Image data, taking into account characteristics of a projection plane, wherein the image display unit 
includes a storage unit for storing a plurality of correction curves, which are generated by repeating a method for 

35 generating the correction curve with respect to a plurality of projection plane, Including: a measuring step of measuring 
a reflection characteristic for each color component of an output provided from the image display unit and reflected by 
a predetermined projection plane and a reflection characteristic for each color component of the output provided from 
the image display and reflected by a reference projection plane; and a correction curve generating step of generating 
a correction curve for correcting the inputted image data so as to eliminate a difference between the measured reflection 

40 characteristic for each color component reflected by the predetermined projection plane and a reflection characteristic 
for each color component reflected by a reference projection plane. 

[0018] The present invention as described in claim 14, is an image display unit according to claim 10 or claim 12, 
wherein the amount of correction of input image data corrected by the correction curve(s) is adjustable. 
[0019] The present invention as described in claim 15, is an image display unit according to any one of claims 1 0 to 
45 14, wherein the correction curve(s) is subjected to a rounding process in a high graduation region. 

[0020] The present invention as described in claim 16, is an image display unit according to claim 15, wherein the 
degree of the rounding process is adjustable. 

[0021] The present invention as described in claim 17, is an image display unit according to any one of claims 12 to 
1 6, including a selection unit of selecting one correction curve from among the plural correction curves on the basis of 
so a reflection characteristic for each color component reflected by a projection plane, and wherein an image processing 
is performed for input image data on the basis of the selected correction curve. 

[0022] According to the present invention as described in claim 18, an image display unit according to claim 17, 
further includes a unit of inputting the reflection characteristic for each color component reflected by the projection 
plane in the selection unit. 

55 [0023] According to the present invention as described in claim 19, an image display unit according to claim 17, 
further includes a unit of measuring the reflection characteristic for each color component reflected by the projection 
plane in the selection unit. 

[0024] The present invention as described in claim 20, is a computer-readable medium having a program of instruc- 
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tions for execution by the computer to perform an image processing for image data inputted to an image display unit, 
taking into account characteristics of a projection plane with an output from the image display unit projected thereon, 
wherein the image processing corrects input image data by using a correction curve for eliminating a difference between 
a reflection characteristic for each color component of an output provided from the image display unit and reflected by 
s a predetermined projection plane and a reflection characteristic for each color component of the output provided from 
the image display and reflected by a reference projection plane. 

[0025] The present invention as described in claim 21 , is a computer-readable medium according to claim 20, which 
uses a plurality of correction curves for a plurality of projection planes. 

[0026] The present invention as described in claim 22, is a computer-readable medium according to claim 20 or 
10 claim 21 , wherein the amount of correction of input image data corrected by the correction curve(s) is adjustable. 

[0027] The present invention as described in claim 23, is a computer-readable medium according to any one of 

claims 20 to 22, wherein the correction curve(s) is subjected to a rounding process in a high graduation region. 

[0028] The present invention as described in claim 24, is a computer-readable medium according to claim 23, wherein 

the degree of the rounding process is adjustable. 
15 [0029] The present invention as described in claim 25, is a computer-readable medium according to any one of 

claims 21 to 24, including a selection processing of selecting one correction curve from among the plural correction 

curves on the basis of a reflection characteristic for each color component reflected by a projection plane, and wherein 

an image processing is performed for input image data on the basis of the selected correction curve. 

[0030] According to the present invention as described in claim 26, a computer-readable medium according to claim 
20 25, further includes a processing of inputting the reflection characteristic for each color component reflected by the 

projection plane in the selection processing. 

[0031 ] According to the present invention as described in claim 27, a computer-readable medium according to claim 
25, further includes a processing of measuring the reflection characteristic for each color component reflected by the 
projection plane in the selection processing. 

25 [0032] The present invention as described in claim 28, is a computer-readable medium storing a correction curve 
for performing an image processing for image data inputted to an image display unit, taking into account characteristics 
of a projection plane with an output from the image display unit projected thereon, wherein the correction curve elim- 
inates a difference between a reflection characteristic for each color component of an output provided from the image 
display unit and reflected by a predetermined projection plane and a reflection characteristic for each color component 

30 of the output provided from the image display and reflected by a reference projection plane. 

[0033] The present invention as described in claim 29, is a computer-readable medium according to claim 28, which 
uses a plurality of correction curves for a plurality of projection planes. 

[0034] The present invention as described in claim 30, is a computer-readable medium according to claim 28 or 
claim 29, wherein the amount of correction of input image data corrected by the correction curve(s) is adjustable. 
35 [0035] The present invention as described in claim 31 , is a computer-readable medium according to any one of 
claims 28 to 30, wherein the correction curve(s) is subjected to a rounding process in a high graduation region. 
[0036] The present invention as described in claim 32, is a computer-readable medium according to claim 31 , wherein 
the degree of the rounding process is adjustable. 

40 Brief Description of the Drawings 

[0037] 

Fig. 1 is a schematic explanatory diagram of a system using a projector 20 according to an embodiment of the 
45 present invention; 

Fig. 2 is a functional block diagram of an image processor 1 00 used in the projector 20 of the first embodiment; 
Fig. 3 is a flow chart for explaining the operation of the image processor 1 00 in the projector 20 of the first embod- 
iment; 

Fig. 4 is a flow chart for explaining a color correction table generation/rewrite processing executed by a color 
so correction table generator 1 50 in the projector 20 of the first embodiment; 

Fig. 5 is a flow chart for explaining a correction curve calculation processing executed by the color correction table 

generator 1 50 in the projector 20 of the first embodiment; 

Fig. 6 is a graph showing a correction curve before subjected to a rounding process; 

Fig. 7 is a graph showing a tone curve characteristic after correction; 
55 Fig. 8 is a diagram for explaining a correction curve rounding process; 

Fig. 9 is a functional block diagram of an image processor 100 used in a projector 20 according to the second 

embodiment of the present invention; 

Fig. 1 0 is a flow chart for explaining a color correction table generation/storage processing performed by a color 
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correction table generator 150 and a color correction table storage unit 190 both installed in the projector 20 of 
the second embodiment; 

Fig. 11 is a flow chart for explaining the operation of the image processor 100 in the projector 20 of the second 
embodiment; 

5 Fig. 12 is a functional block diagram of an image processor 100 used in a projector 20 according to the third 

embodiment of the present invention; and 

Fig. 13 is a flow chart for explaining the operation of the image processor 100 in the projector 20 of the third 
embodiment. 

io Description of the preferred Embodiments 

[0038] Preferred embodiments of the present invention will be described hereinunder with reference to the drawings. 

First Embodiment 

15 

System Configuration 

[0039] Fig. 1 is a schematic explanatory diagram of a system using a projector 20 used as an image display unit 
according to an embodiment of the present invention. As examples of the image display unit according to the present 
20 invention, there also are included a CRT and a liquid crystal display in addition to the projector. 

[0040] A predetermined image is projected from the projector 20 which is disposed substantially in front of a screen 
10. 

[0041] In this case, how the image looks differs greatly depending on the type of the projection plane 1 0 used. For 
example, even in case of displaying the same white, the white may look yellowish in a certain type of a projection plane 

25 10. 

[0042] Fig. 2 is a functional block diagram of an image processor 1 00 installed in the projector 20 of the first embod- 
iment. 

[0043] The image processor 100 in the projector of the first embodiment is provided with an A/D converter 110 for 
converting an analog image input signal into a digital signal, a color corrector 120 which applies a one-dimensional 

30 color correction table to RGB image input signals to make a desired color correction, a D/A converter 1 30 for converting 
a digital signal to an analog signal, a LW (light valve) drive unit 1 40 for actuating a liquid crystal light valve to make a 
projection display of image, a device characteristic storage memory 1 60 for storing a device (projector) characteristic, 
an optical sensor 170 for measuring the luminance of light emitted from the projector and reflected by the screen and 
an external illumination reflected by the screen, and a color correction table generator 150 which generates a color 

35 correction table taking the influence of external illumination into account on the basis of both the device characteristic 
stored in the device characteristic storage memory 1 60 and a colorimetric value provided from the optical sensor 1 70. 
[0044] In the projector according to the present invention, an analog image input signal fed from a personal computer 
for example is converted to a digital image signal by the A/D converter 110. Then, by the color corrector 1 20, a desired 
color correction is applied to the digital image signal thus resulting from the conversion with reference to the color 

40 correction table generated by the color correction table generator 1 50 and taking the influence of the color of a projection 
plane used into account. The color-corrected digital image signal is then converted to an analog signal by the D/A 
converter 130. On the basis of the analog signal thus resulting from the conversion the L/V drive unit 140 actuates a 
liquid crystal light valve to make a projection display of image. 

45 Operation of the Image Processor 100 

[0045] Next, the operation of the image processor 1 00 in the projector 20 of the first embodiment will be described 
below with reference to Fig. 3. Such a processing as a color correction table generation/rewrite processing by the 
image processor 100, which will be described below, is performed by executing an image processing program stored 

50 in a program storage unit (not shown) in the projector 20. The program storage unit constitutes a medium which stores 
the image processing program. The image processing program itself is included in the scope of the present invention. 
[0046] First, before using the projector 20 according to the present invention, R (red), G (green), B (blue), and bk 
(black) colors are outputted to a reference projection plane from the projector (image display unit) 20 in a dark surround 
and a luminance value of reflected light of each such color output reflected by the reference projection plane is measured 

55 by the optical sensor 170 for example and is stored in the device characteristic storage memory 160 (step 202). As 
the reference projection plane there may be selected a projection plane whose reflectance in the visible light region is 
close to 1 , such as a standard diffusion plate. 

[0047] A color correction table generation/rewrite processing is performed by the color correction table generator 
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150 (step 204). As to the color correction table generation/rewrite processing, it will be described in detail below with 
reference to Fig. 4. 

[0048] After the color correction table generation/rewrite processing, there is made image display with reference to 
the rewritten color correction table and on the basis of the image signal which has been color-corrected by the color 

5 corrector 120 (step 206). If the image display is not terminated (step 208, No) and if a certain time has not elapsed 
after the end of the last-time color correction table generation/rewrite processing (step 21 0, No), the state of image 
display in step 206 continues. On the other hand, if the image display is not terminated (step 208, No) and if a certain 
time has elapsed from the end of the last-time color correction table generation/rewrite processing (step 210, Yes), the 
color correction table generation/rewrite processing is again performed taking into account the case where the projec- 

10 tion plane is changed (step 204) and there is made image display (step 206). According to the present Invention, since 
the color correction table is rewritten at every certain time taking a change of projection plane into account, an appro- 
priate color reproduction is ensured even if the projection plane changes. 

[0049] If the image display is terminated, for example by turning OFF a power supply of the projector (step 208, Yes), 
the processing is ended. 

15 

Color Correction Table Generation/Rewrite Processing 

[0050] Next, with reference to Fig. 4, the following description is provided about the color correction table generation/ 
rewrite processing (the processing of step 204 in Fig. 3) which is performed by the color correction table generator 

20 1 50 in the projector 20 of the first embodiment. 

[0051] In the color correction table generation/rewrite processing, R (red), G (green), 6 (blue), and bk (black) colors 
are outputted to a projection plane to be corrected and a luminance value of reflected light of each such color output 
reflected by the projection plane is measured by the optical sensor 1 70, e.g. , a radiospectroluminance meter, (step 220). 
[0052] Next, a correction curve calculation processing is performed (step 226). As to the correction curve calculation 

25 processing, it will be described below in detail with reference to Fig. 5. On the basis of a calculated correction curve 
there is generated a new one-dimensional color correction curve. Then, the one-dimensional color correction table 
which is referenced to by the color corrector 1 20 is rewritten by the newly generated one-dimensional color correction 
table (step 228) and the processing flow returns to step 206. 

30 Correction Curve Calculation Processing 

[0053] Next, with reference to Fig. 5, a description will be given about the correction curve calculation processing 
(the processing of step 226 in Fig. 4) which is performed by the color correction curve generator 1 50 in the projector 
20 of this embodiment. A correction curve is determined in the following manner on the basis of the measured values 
35 obtained in steps 202 in Fig. 3 and step 220 in Fig. 4. 

[0054] In the correction curve calculation processing, first luminance ratios of RGB colors on projection planes are 
calculated on the basis of the measured values obtained in step 202 of Fig. 3 and step 220 of Fig. 4 (step 232), which 
calculation is performed in accordance with the following equations: 

y R = (Y R -Ybk)/(Y G -Ybk) (1) 



y G = (Y G -Ybk)/(Y G -Ybk) = 1 (2) 



y B =(Y B -Ybk)/(Y G -Ybk) (3) 

In the above equations, Y R , Y Q , Y B , and Ybk represent luminances of R, G, B, and bk colors in the projector and y R , 
y G , and y B represent luminance ratios of RGB. In this case, yG Is always 1 because the ratios are based on the 
luminance of G. Luminance ratios y R0 , y G0 , and y B0 of RGB on the reference projection plane are also calculated in 
the same manner. 

[0055] Next, a correction curve is calculated (step 234). Primary colors (RGB) in the projector are not influenced by 
a change in chromaticity caused by a change of projection plane in comparison with secondary and tertiary colors. 
Therefore, if the luminance ratios y R , y G , and y B of the projection plane concerned are corrected so as to coincide with 
the luminance ratios y R0 , Vqq, and y B0 of the reference projection plane, a change in chromaticity caused by a difference 
of projection plane is corrected in all colors. If digital input values of RGB before correction are normalized in the range 
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10 



20 



of 0 to 1 as D R in, D G in, and D B in, respectively, and digital input values of RGB after correction are normalized in the 
range of 0 to 1 as D R out, D G out, and D B out, respectively, there are obtained the following correction curve equations: 

D R out = [y R 7max(y R \y G \y B ')] 1/Y x D R in,y R l =y R( /y R (4) 
D G out = [y Q Vmax(y R ' I y G , ,y B ')] 1/Y xD G in,y G '=y G( /y G =1 (5) 
D B out=[y B Vmax(y R , ,y G , ,y B ')] 1/ir xD B in > y B , =y BO yy B (6) 



In the above equations, max(y R ', y G ', y B ) represent maximum values of y R \ y G ' t and y B ', respectively. In this way, a 
change in chromaticity caused by a difference of projection plane can be corrected colorimetrically. 
15 An example of correction curve thus obtained and an example of tone curve characteristic after correction are shown 
in Figs. 6 and 7, respectively. 

[0056] It is thus possible to correct colorimetrically a change in chromaticity caused by a difference of projection 
plane, but in case of adjusting the amount of correction, a (0<a<1), taking the adaptability of the human eyes and the 
effect of contrast into account, there are obtained the following correction curve equations: 



D R out = [1-a{1-y R 7max(y R l ,y G ',y B ')}] 1/Y xD R in (7) 



25 D G out=[1 -a{1 -y G 7max(y R ' ,y G \y B ')}] 1/Y x D G in (8) 

D B out=[1 -a{1 0y B 7max(y R \y G ',y B ')}] 1/Y x D B in (9) 

30 [0057] If the color of the projection plane obtained by measurement is corrected 1 00% (a = 1 ), an exact correction 
is performed colorimetrically. In the presence of an external illumination, however, since the color of the projection 
plane is present around a projected image, the correction looks as if it were stronger than the actual correction due to 
a color contrast between the projected image and the projection plane and the effect of the eyes'adaptabilrty to the 
external illumination. The amount of correction is adjusted to eliminate such a phenomenon. It is necessary that the 
amount of correction, a, be adjusted while the evaluation of image is made actually under each environment. The value 
of a is preferably in the range of 0.5 to 1 .0. 

[0058] Next, a correction curve rounding process is executed (step 236). 

[0059] In the correction curve thus obtained and shown in Fig. 6, with only any of RGB colors, the maximum luminance 
(luminance of white) in the projector becomes lower than that before correction because there is used only a part of 
the output range available of the device. Therefore, the maximum luminance state before correction is maintained by 
rounding the correction curve in the vicinity of a high gray scale. More specifically, the amount of correction, AD = Din- 
Dout, is decreased as follows: 

45 AD AD X F(Din) 



F(Din) = {(Din - D')/(l - DO)' (D'gDingl) ••• (10) 
50 =1 (OgDin^DO 



35 



40 



According to this transformation, as the input gradation Din approaches 1 , the amount of correction AD approaches 0 
and the maximum luminance is maintained. In the above equation (10), 6 and D' are parameters which indicate the 
strength of the rounding process. The smaller the value of 0 or the larger the value of D', the more strongly is rounded 
the correction curve. The values of 8 and D' are preferably about 5 and about 0.75, respectively. In Fig. 8 there is shown 
a relation between Dout and Din after the rounding process. 
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Second Embodiment 

[0060] Fig. 9 is a functional block diagram of an image processor 100 installed in a projector 20 according to the 
second embodiment of the present invention, in which the same components as in the first embodiment are identified 

s by the same reference numerals as in the first embodiment. 

[0061] The image processor 1 00 in the projector of this second embodiment, like the first embodiment, is also pro- 
vided with an A/D converter 1 1 0 for converting an analog image input signal into a digital signal, a color corrector 1 20 
which applies a one-dimensional color correction table to RGB image input signals to make a desired color correction, 
a D/A converter 130 for converting a digital signal into an analog signal, and a L/V (light valve) drive unit 140 for 

10 actuating a liquid crystal light valve to make a projection display of image. 

[0062] The image processor 1 00 in the projector of this second embodiment is further provided with a color correction 
table storage unit 190 for storing color correction tables generated for plural projection planes and a color correction 
table selector 180 which, on the basis of colorimetric values provided from the optical sensor 170, selects a suitable 
color correction table from among the color correction tables stored in the color correction table storage unit 1 90. 

15 [0063] In the projector of this second embodiment, like the first embodiment, color correction tables generated by 
the same correction curve calculation processing are stored beforehand in the color correction table storage unit 190, 
and at the time of actual image display the color correction table selector 1 80 selects an appropriate color correction 
table in accordance with a colorimetric value provided from the optical sensor. On the basis of the color correction table 
thus selected the color corrector 1 20 applies a desired color correction which takes the influence of external illumination 

20 into account to a digital image input signal . The thus color-corrected digital image input signal is converted to an analog 
signal by the D/A converter 1 30, and in accordance with the analog signal thus obtained, the LTV drive unit 1 40 actuates 
a liquid crystal light valve to make a projection display of image. 

Color Correction Table Generation/Storage Processing 

25 

[0064] Next, with reference to Fig. 10, a description will be given below about a color correction table generation/ 
storage processing for generating a color correction table and storing it into the color correction table storage unit 1 90. 
[0065] In the color correction table generation/storage processing, R (red), G (green), B (blue), and bk (black) colors 
are outputted to the reference projection plane from the projector (image display unit) 20 and reflected light luminance 
30 values of such color outputs from the reference projection plane are measured by the optical sensor 1 70 for example 
(step 321). Then, R (xed), G (green), B (blue), and bk (black) colors are outputted from the projector (image display 
unit) 20 to the projection plane to be corrected and reflected light luminance values of such color outputs from the 
projection plane are measured by the optical sensor 170 for example (step 324). 

[0066] Then, the same correction curve calculation processing as in the first embodiment is performed on the basis 
35 of the measured values obtained in steps 321 and 324 (step 326). Further, a one-dimensional color correction table is 
generated on the basis of the thus-calculated correction curve, and the one-dimensional color correction table thus 
generated and luminance ratios of reflected lights from the projection plane to be corrected, which have been calculated 
from the measured values obtained in step 324 for generating the correction curve and in accordance with the equations 
(1) to (3), are stored in the color correction table storage unit 190 (step 328). 
40 [0067] The processings of steps 324 to 328 are repeated for another projection plane to be corrected (step 330). 

Operation of the Image Processor 100 

[0068] Next, with reference to Fig. 11 , the following description is provided aboutthe operation of the image processor 
45 100 installed in the projector 20 of this second embodiment. The processing by the image processor 1 00, which will 
be described below, Is carried out by executing an image processing program stored in a program storage unit (not 
shown) of the projector as in the first embodiment. The program storage unit constitutes a medium which stores the 
image processing program. Further, the image processing program itself is also included in the scope of the present 
invention. 

so [0069] First, when the use of the projector 20 is started, R (red), G (green), B (blue), and bk (black) colors are 
outputted from the projector (image processing unit) 20 to the projection plane to be corrected and reflected light 
luminance values of such color outputs from the projection plane are measured by the optical sensor 1 70. Then, lumi- 
nance ratios of the reflected lights from the projection plane are obtained from the thus-measured luminance values 
and in accordance with the equations (1) to (3) (step 302). 

55 [0070] Next, the color correction table selector 1 80 refers to the reflected light luminance ratios stored in the color 
correction table storage unit 190, then selects from the color correction table storage unit 190 a corresponding color 
correction table generated for reflected light luminance ratios closest to the luminance ratios obtained in step 302 and 
informs the color corrector 120 of the corresponding color correction table. The color corrector 120 reads out the 
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corresponding color correction table from the color correction table storage unit 1 90 and makes rewrite into the corre- 
sponding color correction table (step 304). 

[0071] After the color correction table select/rewrite processing, there is made image display with reference to the 
rewritten color correction table and in accordance with the image signal color-corrected by the color corrector 1 20 (step 

5 306). In this case, if the image display is not terminated (step 308, No) and if a certain time has not elapsed from the 
end of the last-time color correction table select/rewrite processing (step 310, No), the state of image display in step 
306 continues. On the other hand, if the image display is not terminated (step 308, No) and if a certain time has elapsed 
from the end of the last-time color correction table select/rewrite processing (step 310, Yes), the measurement of 
reflected light from the screen 10 (step 302) and the color correction table select/rewrite processing (step 304) are 

10 again performed taking into account the case where the projection plane is changed, and there is made image display 
(step 306). According to the present invention, since the color correction table is rewritten at every certain time while 
taking a change of projection plane into account, an appropriate color reproduction is ensured even if the color of 
projection plane changes. 

[0072] In the case where the image display is terminated, for example by turning OFF a power supply of the projector 
15 (step 308, Yes), the processing is ended. 

Third Embodiment 

[0073] Fig. 12 is a functional block diagram of an image processor 100 installed in a projector 20 according to the 
20 third embodiment of the present invention, in which the same components as in the first and second embodiments are 
identified by the same reference numerals as in those previous embodiments. 

[0074] The image processor 1 00 in the projector of this third embodiment, like the second embodiment, is also pro- 
vided with an A/D converter 110 for converting an analog image input signal to a digital signal, a color corrector 120 
for applying a one-dimensional color correction table to RGB image input signals to make a desired color correction, 

25 a D/A converter 1 30 for converting a digital signal to an analog signal, a LTV (light valve) drive unit 1 40 for actuating a 
liquid crystal light valve to make a projection display of image, a color correction table storage unit 1 90 for storing color 
correction tables for plural projection planes, and a correction table selector 1 80 for selecting a suitable color correction 
table from among the color correction tables stored in the color correction table storage unit 1 90. 
[0075] The image processor 1 00 in the projector of this third embodiment is different from the image processor used 

30 in the second embodiment in that (1) it is further provided with a luminance input means 200 for inputting a luminance 
value of reflected light from the projection plane to be corrected and in that (2) the color correction table selector 180 
selects a suitable color correction table from among the color correction tables stored in the color correction table 
storage unit 190 on the basis of reflected light luminance values inputted from the luminance input means 200. 
[0076] As to the color correction table generation/storage processing, it is the same as in the second embodiment, 

35 so an explanation thereof will here be omitted. 

Operation of the Image Processor 100 

[0077] Next, with reference to Fig. 13, a description will be given below about the operation of the image processor 

40 1 00 in the projector 20 of this third embodiment. 

[0078] The following processing by the image processor 1 00 is carried out by executing an image processing program 
stored in a program storage unit (not shown) in the projector 20 as in the first and second embodiments. The program 
storage unit constitutes a medium which stores the image processing program. The image processing program itself 
is included in the scope of the present invention. 

45 [0079] The operation of the image processor 1 00 in the projector 20 of this third embodiment is basically the same 
as in the second embodiment. 

[0080] In the previous second embodiment, in step 302, reflected light luminance values from the projection plane 
are measured at every certain time by the optical sensor 1 70 and the color correction table selector 1 80 selects from 
the color correction table storage unit 1 90 acorresponding color correction table generatedfor luminance values closest 

so to the measured reflected light luminance values. 

[0081 ] This third embodiment is different from such second embodiment in that, in step 402, reflected light luminance 
values from the projection plane to be corrected are inputted by the luminance input means 200 and the color correction 
table selector 180 refers to the reflected light luminance values stored in the color correction table storage unit 190 
and selects from the color correction table storage unit 1 90 a corresponding color correction table generated for lumi- 

55 nance ratios closest to the luminance ratios obtained from the inputted luminance values in accordance with the equa- 
tions (1) to (3). 

[0082] When reflected light luminance values from the projection plane to be corrected are inputted by the luminance 
input means 200 (step 402, Yes), the color correction table selector 180 informs the color corrector 120 of a corre- 
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spending color correction table. The color corrector 120 reads out the corresponding color correction table from the 
color correction table storage unit 190 and makes rewrite into the corresponding color correction table (step 404). 
Then, the display of image is performed with reference to the rewritten color correction table and on the basis of an 
image signal color-corrected by the color corrector 120 (step 406). 
5 [0083] On the other hand, in the case where reflected light luminance values from the projection plane are not inputted 
by the luminance input means 200 (step 402, No), the display of image is performed without rewrite of the color cor- 
rection table (step 406). 

[0084] The above steps 402 to 406 are repeated until the image display is terminated, for example by turning OFF 
a power supply of the projector (step 408). 

10 

Claims 

1 . A method for generating a correction curve for correcting image data inputted to an image display unit, taking into 
15 account characteristics of a projection plane on which an output from said image display unit is projected, said 

method comprising: 

a measuring step of measuring a reflection characteristic for each color component of an output provided from 
said image display unit and reflected by a predetermined projection plane and a reflection characteristic for 
20 each color component of the output provided from said image display and reflected by a reference projection 

plane; and 

a correction curve generating step of generating a correction curve for correcting the inputted image data so 
as to eliminate a difference between the measured reflection characteristic for each color component reflected 
by the predetermined projection plane and a reflection characteristic for each color component reflected by a 
25 reference projection plane. 

2. An image processing method for image data inputted to an image display unit, taking into account characteristics 
of a projection plane with an output from said image display unit projected thereon, wherein said method corrects 
input image data by using a correction curve for eliminating a difference between a reflection characteristic for 

30 each color component of an output provided from said image display unit and reflected by a predetermined pro- 
jection plane and a reflection characteristic for each color component of the output provided from said image display 
and reflected by a reference projection plane. 

3. An image processing method according to claim 2, which uses a plurality of correction curves for a plurality of 
35 projection planes. 

4. An image processing method according to claim 2 or claim 3, wherein the amount of correction of input image data 
corrected by said correction curve(s) is adjustable. 

40 5. An image processing method according to any one of claims 2 to 4, wherein said correction curve(s) is subjected 
to a rounding process in a high graduation region. 

6. An image processing method according to claim 5, wherein the degree of said rounding process is adjustable. 

45 7. An image processing method according to any one of claims 3 to 6, including a selection step of selecting one 
correction curve from among said plural correction curves on the basis of a reflection characteristic for each color 
component reflected by a projection plane, and wherein an image processing is performed for input image data 
on the basis of the selected correction curve. 

so 8. An image processing method according to claim 7, further including a step of inputting the reflection characteristic 
for each color component reflected by the projection plane in said selection step. 

9. An image processing method according to claim 7, further including a step of measuring the reflection characteristic 
for each color component reflected by the projection plane in said selection step. 

55 

10. An image display unit for performing an image processing for an inputted image data, taking into account charac- 
teristics of a projection plane, wherein said image display unit corrects input image data by using a correction curve 
for eliminating a difference between a reflection characteristic for each color component of an output provided from 
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said image display unit and reflected by a predetermined projection plane and a reflection characteristic for each 
color component of the output provided from said image display and reflected by a reference projection plane. 

1 1 . An image display unit for performing an image processing for an inputted image data, taking into account charac- 
s teristics of a projection plane, wherein the image display unit performs the image processing for the inputted data 

based on a correction curve, which is sequentially generated by sequentially repeating a method for generating 
the correction curve comprising: 

a measuring step of measuring a reflection characteristic tor each color component of an output provided from 
io said image display unit and reflected by a predetermined projection plane and a reflection characteristic for 

each color component of the output provided from said image display and reflected by a reference projection 
plane; and 

a correction curve generating step of generating a correction curve for correcting the inputted image data so 
as to eliminate a difference between the measured reflection characteristic for each color component reflected 
15 by the predetermined projection plane and a reflection characteristic for each color component reflected by a 

reference projection plane. 

12. An image display unit according to claim 10, which uses a plurality of correction curves for a plurality of projection 
planes. 

20 

13. An image display unit for performing an image processing for an inputted image data, taking into account charac- 
teristics of a projection plane, wherein the image display unit comprises a storage means for storing a plurality of 
correction curves, which are generated by repeating a method for generating the correction curve with respect to 
a plurality of projection plane, comprising: 

25 

a measuring step of measuring a reflection characteristic for each color component of an output provided from 
said image display unit and reflected by a predetermined projection plane and a reflection characteristic for 
each cotor component of the output provided from said image display and reflected by a reference projection 
plane; and 

30 a correction curve generating step of generating a correction curve for correcting the inputted image data so 

as to eliminate a difference between the measured reflection characteristic for each color component reflected 
by the predetermined projection plane and a reflection characteristic for each color component reflected by a 
reference projection plane. 

35 14. An image display unit according to claim 10 or claim 12, wherein the amount of correction of input image data 
corrected by said correction curve(s) is adjustable. 

15. An image display unit according to any one of claims 10 to 14, wherein said correction curve(s) is subjected to a 
rounding process in a high graduation region. 

40 

16. An image display unit according to claim 15, wherein the degree of said rounding process is adjustable. 

17. An image display unit according to any one of claims 12 to 16, including a selection means of selecting one cor- 
rection curve from among said plural correction curves on the basis of a reflection characteristic for each color 

45 component reflected by a projection plane, and wherein an image processing is performed for input image data 

on the basis of the selected correction curve. 

18. An image display unit according to claim 17, further including a means of inputting the reflection characteristic for 
each color component reflected by the projection plane in said selection means. 

50 

19. An image display unit according to claim 17, further including a means of measuring the reflection characteristic 
for each color component reflected by the projection plane in said selection means. 

20. A computer- readable medium having a program of instructions for execution by the computer to perform an image 
55 processing for image data inputted to an image display unit, taking into account characteristics of a projection 

plane with an output from said image display unit projected thereon, wherein said image processing corrects input 
image data by using a correction curve for eliminating a difference between a reflection characteristic for each 
color component of an output provided from said image display unit and reflected by a predetermined projection 
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plane and a reflection characteristic for each color component of the output provided from said image display and 
reflected by a reference projection plane. 

21. A computer-readable medium according to claim 20, which uses a plurality of correction curves for a plurality of 
5 projection planes. 

22. A computer-readable medium according to claim 20 or claim 21 , wherein the amount of correction of input image 
data corrected by said correction curve(s) is adjustable. 

10 23. A computer-readable medium according to any one of claims 20 to 22, wherein said correction curve(s) is subjected 
to a rounding process in a high graduation region. 

24. A computer-readable medium according to claim 23, wherein the degree of said rounding process is adjustable. 

15 25. A computer-readable medium according to any one of claims 21 to 24, including a selection processing of selecting 
one correction curve from among said plural correction curves on the basis of a reflection characteristic for each 
color component reflected by a projection plane, and wherein an image processing is performed for input image 
data on the basis of the selected correction curve. 

20 26. A computer-readable medium according to claim 25, further including a processing of inputting the reflection char- 
acteristic for each color component reflected by the projection plane in said selection processing. 

27. A computer-readable medium according to claim 25, further including a processing of measuring the reflection 
characteristic for each color component reflected by the projection plane in said selection processing. 

25 

28. A computer-readable medium storing a correction curve for performing an image processing for image data inputted 
to an image display unit, taking into account characteristics of a projection plane with an output from said image 
display unit projected thereon, wherein said correction curve eliminates a difference between a reflection charac- 
teristic for each color component of an output provided from said image display unit and reflected by a predeter- 

30 mined projection plane and a reflection characteristic for each color component of the output provided from said 
image display and reflected by a reference projection plane. 

29. A computer-readable medium according to claim 28, which uses a plurality of correction curves for a plurality of 
projection planes. 

35 

30. A computer-readable medium according to claim 28 or claim 29, wherein the amount of correction of input image 
data corrected by said correction curve(s) is adjustable. 

31 . A computer-readable medium according to any one of claims 28 to 30, wherein said correction curve(s) is subjected 
40 to a rounding process in a high graduation region. 

32. A computer-readable medium according to claim 31 , wherein the degree of said rounding process is adjustable. 
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